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The relationships between lightning, cloud microphysics, and tropical
cyclone (TC) storm structure are being examined using data
gathered from flights into rapidly intensifying Hurricane Karl (see
figures) during NASA’s GRIP experiment.

Objective: Develop a better understanding of the physical

properties within electrified and non-electrified regions of a rapidly i - N
intensifying TC. T A WAL ghining o ; "
An improved understanding of the occurrence/absence of lightning = B e i IR
in TCs may help us understand what information the lightning data VERTICAL VELOCITY Numerous lightning flashes were recorded within the SE eyewall of
are conveying about the storm. This knowledge will be useful for . . . o o ‘ Karl during leg 2 (see above). The enhanced reflectivity aloft
real-time intensity forecast applications as well as future assimilation TC lightning requires strong updrafts = Zn?;?ii\ sampled by APR-2 and HIWRAP (below) indicates a deep mixed
of lightning data into numerical models. wﬁé rseupgﬁ;trgedese:pzrgﬁgnphf:: rgggﬂ 15'3*3{}\ : phase region that supports charge separation, whilel the cloud
HURRIGANE KARL 19002900 UTC 6 SEPT 2010 1y Karl @010) . (Black & Hallett 1999). Although the *_ A microphysics (bottom) show large graupel collocated with smaller,
: coval 7 } . o LA N A R i S e recently frozen ice particles.
1o- Dosl | o0 majority of inner core vertical velocities “THBT =% T 1 H - ‘ o
o : in Karl were between + 2 m s, the * * B (P —a § T
§ %0 preosue ! electrified inner core regions had much s awsrse s —seww s i i o 2 |
v spest >< stronger updrafts reaching 20 m s-1. Flight leg — inner core quadrant s E / Lo wg
s §_5, (R i ;\’ o 30'7 izu%
. CLOUD MICROPHYSICS I ek m i
DatefTime (UTC) The nOn-indUCtiVe Charging 19:44:00 19:46:08  19:48:14 195022 19:562:33  19:54:47 0 50 100 150 200 250
mechanism requires graupel and ice Precipitation Imaging Probe (PIP) — 100 to 6400 um
GRIP DATA COLLABORATION particle collisions in the presence of oot [y e ]
supercooled water. Unfortunately, no , ' — e -
DC-8 Global Hawk direct supercooled water data were fe . 1914905 ‘ RO @ ] 12mm
; ; _ H ; - — ] graupel
Airborne Precipitation Radar Lightning Instrument Package collected at flight altitude by the DC-8. : 19:49:14 ‘ @ ® ) 3
(APR-2) (LIP) : E osom ‘ T T, T
Cloud microphysics probes High Altitude MMIC Sounding However, strong updrafts were often v a1z s s :
(CDP, CAS, CIP/PIP) Radiometer (HAMSR) aSSOHC'aIGd W'tlh h;gh CO”Qe”tfat'O'?SI of
Meteorological Measurement High Altitude Imaging Wind & small, recently frozen ice particles CONCLUSIONS
System (MMS) Rain Profiler (HIWRAP) (circled, top) (Heymsfield et al. 2006).
The presence of recently frozen, This study capitalized on the unique opportunity provided by GRIP to
Additional lightning datasets were used to supplement the LIP: homogeneously ~ nucleated ice synthesize multiple datasets and analyze the physical properties of
particles  within  strong  updrafts an electrified TC undergoing rapid intensification.

« Vaisala Global Lightning Dataset (GLD360) (bottom) suggests that supercooled

» World Wide Lightning Location Network (WWLLN) (0.35-50 pm particles) water was present below the aircraft. Electrified regions within Karl were associated with:

« Strong updrafts (w >10 m s™)

« High concentrations of small ice particles (suggest presence of
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